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CONTROL SYSTEM REGULATING AIR FLOW TO ENGINE INTAKE 

Technical Field 

Controlling engine intake via cooler and cooler bypass 

Background 

5 Some internal combustion engines use intake coolers and cooler 

bypasses through which intake flow is controlled to maximize engine 
performance and minimize engine emissions. Valving of the intake 
passages through the cooler and the bypass controls intake flow rates 
for this purpose. One goal of such intake flow control is adjusting 
10 temperature of the engine intake to accommodate engine operating 
temperature. For example, intake valving can feed a warmer intake to 
a cold diesel engine that has recently started, and as the engine warms 
up from operating, the valving can feed the engine a cooler and denser 
intake. 

15 The beneficial results of a well controlled engine intake flow 

adjusted between a cooler and a bypass are generally understood, but 
shortfalls in the application of such controls still exist. For example, 
existing intake control systems suffer from inaccuracy, 
cumbersomeness, and expense. 

20 The aim of this invention is to significantly improve the accuracy 

of intake flow control valving to better optimize engine performance. 
The invention seeks to accomplish this while keeping an intake valve 
control system compact, reliable, and affordable. 

Summary 

25 The inventive way of controlling intake flow to an engine via a 

cooler and a bypass uses a hydraulic actuator for a control valve 
regulating the intake flow. A proportional solenoid operates the 
hydraulic actuator by positioning a hydraulic valve in a circuit to the 
actuator. To ensure accuracy and reliability, a position of the intake 
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control valve is fed back to the hydraulic valve in opposition to the 
solenoid. A preferred way of accomplishing this is to use a spring 
compressed between something moveable with the control valve and 
the hydraulic valve that is positioned by the proportional solenoid. The 
5 device moveable with the control valve can be a cam arranged on the 
control valve stem, or a piston of the hydraulic actuator. 

A sensor monitoring an engine condition such as temperature 
communicates with an electric control that powers the proportional 
solenoid. When the sensor detects a change in the monitored engine 

10 condition calling for a change in the intake control valve, the electric 
control alters the power to the proportional solenoid. This moves the 
hydraulic valve that is positioned by the solenoid, which in turn adjusts 
the hydraulic actuator to move the intake control valve. This 
movement of the hydraulic actuator piston or the cam associated with 

15 the control valve then changes the force transmitted by the spring 
back to the hydraulic valve in opposition to the solenoid to achieve a 
null position. This holds the control valve in place until the sensed 
engine condition requires a further change. 

In practice, two or more control valves can be interconnected 
20 and involved in regulating intake flow through the cooler and the cooler 
bypass. The sensed engine condition can include temperature and 
other parameters; a microprocessor can interpret the sensor signals 
and power the proportional solenoid accordingly; and the null condition 
for a fully warmed up and steadily operating engine can be a powerless, 
25 or rest position of the proportional solenoid. The invention 

advantageously accommodates these and many other variations to 
optimize engine performance. 

Using a proportional solenoid to infinitely adjust a hydraulic valve 
gives the servo system sensitivity and infinite variability; using 

30 hydraulic power fed to an actuator by the hydraulic valve amplifies the 
force available from the proportional solenoid and extends the range of 
movement for physically adjusting intake control valving; and feedback 
of control valve position to the hydraulic valve as a force countering 
the proportional solenoid achieves accuracy in setting the control 

35 valving precisely as required by sensed engine conditions. The 
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complete servomechanism to accomplish this can also be packaged 
compactly and affordably in an engine environment. Hydraulic power 
can be drawn from an engine's oil pump or associated hydraulic pump, 
and the resulting arrangement significantly improves on prior art 
5 attempts at intake control. 

Drawings 

Figure 1 is a schematic diagram showing the inventive intake 
control valve arranged to adjust engine intake flow through a cooler 
and a bypass. 

1 0 Figure 2 is a schematic diagram of the inventive servomechanism 

arranged to set a position of an intake control valve. 

Figure 3 is a partially cut away view of a preferred embodiment 
of the servomechanism schematically illustrated in Figure 2. 

Figure 4 is a partially cut away view of a preferred hydraulic 
1 5 actuator arranged to position an intake control valve. 

Figure 5 is a schematic hydraulic diagram of the servomechanism 
of Figures 2-4. 

Figure 6 is a schematic hydraulic diagram of another preferred 
servomechanism using many of the components of Figures 2-4. 

20 Detailed Description 

The schematic of Figure 1 illustrates the environment in which 
the invention occurs. This includes an internal combustion engine 10 
and a sensor 11 sensing an engine condition. Engine 10 is often a 
diesel engine, but the invention is not limited to compression ignition 
25 engines. Sensor 11 senses a temperature of engine 10, and can also 
sense other engine parameters such as RPM, load, intake temperature 
and pressure, exhaust temperature and pressure, fuel intake rate, and 
possibly other parameters. 
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An intake supply 12 for engine 10 often includes a turbo charger 
or super charger of intake air, and can also include exhaust gas 
recirculation and anything else intentionally fed to engine 10 as part of 
its oxygen intake. When supply 12 includes a turbo charger or super 
5 charger, the compressed air that results is heated, which reduces its 
density at a given pressure. When engine 10 is running at its optimum 
temperature, it can benefit from having its intake supply cooled by 
cooler 15, but in some circumstances, and especially when engine 10 is 
running at less than its optimum temperature, bypass 14 provides an 
10 intake route around cooler 15 to give engine 10 a warmer intake. 

To control or regulate a temperature of intake flow reaching 
engine 10 under different circumstances, an intake control valve 20 
adjusts flow rates through cooler 15 and bypass 14. Setting valve 20 
in different positions can alter the proportion of intake flow passing 

15 through cooler 15 and bypass 14 to give engine 10 an optimized inflow, 
depending on the temperature and other operating parameters of 
engine 10. The desired setting of valve 20 to achieve an intake flow 
that best meets the need of engine 10 is within the knowledge of 
engine designers, and this invention offers a way of positioning valve 

20 20 to accurately meet those needs in a wide range of operating 
circumstances. 

Valve servo 25 adjusts the position of control valve 20, and 
accomplishes this in response to electric controller 26, which receives 
a signal from sensor 11. Controller 26 can be a simple electric 
25 controller directly responsive to a single temperature sensor 11, or 
can be a more complex microprocessor receiving signals from a team 
of sensors 11 monitoring several engine operating conditions. The 
invention thus accommodates different levels of sophistication in the 
precision with which engine intake flow is regulated. 

30 More details of valve servo 25 are shown schematically in Figure 

2 where servo components are arranged to position intake control 
valve 20. A proportional solenoid 30 accomplishes this with the aid of 
a hydraulic source 40 powering a hydraulic circuit 41. Proportional 
solenoid 30 adjusts a hydraulic valve 35 that determines the hydraulic 

35 flow to an actuator 45. * Small movements of hydraulic valve 35 
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powered by a relatively small force from proportional solenoid 30 are 
used to hydraulically drive actuator 45 more forcefully through a 
larger range of movement to position control valve 20. Hydraulic 
source 40 can be an engine oil pump or a hydraulic pump driven by an 
5 engine. Hydraulic valve 35 is preferably a spool valve axially positioned 
by proportional solenoid 30; and hydraulic actuator 45 is preferably a 
cylinder and piston arranged to move a rack 46 meshed with a pinion 
47 on a rotational shaft 48 of a control valve 20 that preferably has 
the form of a butterfly valve 20. 

A cam 50 is preferably also mounted on shaft 48 so that a 
rotational position of cam 50 corresponds with a rotational position of 
butterfly valve 20. Preferably a simple compression spring 51 can 
then feed back to spool valve 35 a force representing a position of 
control valve 20. The fed back force applied by compression spring 51 
opposes forces applied by proportional solenoid 30. Such a feedback 
arrangement preferably provides a force balanced null at any of an 
infinite variety of control valve positions corresponding to power inputs 
to proportional solenoid 30 from controller 26 responding to one or 
more sensors 11. When such a null occurs, spool valve 35 is positioned 
to block hydraulic flow in circuit 41 and hold valve 20 in a set position. 

Figures 3 and 4 show many preferred details of the components 
for servomechanism 25 that are schematically illustrated in Figure 2. 
Proportional solenoid 30 is shown in Figure 3 as including solenoid coil 
31, stationary pole 32, axially moveable element or armature 34, and a 
25 null or bias spring 33. Movement of armature 34 in response to 

magnetic force produced by coil 31 also moves spool 36 of hydraulic 
valve 35. Spool 36 is sealed and ported to control flow through 
hydraulic circuit 41 to and from piston 46 of actuator 45 shown in 
Figure 4. Rack 49, which is formed as part of piston 46 moves against 
30 return spring 43 and meshes with pinion 47, shown in Figure 3. 

Feedback cam 50 mounted oh shaft 48 along with pinion 47 
engages feedback spring 51 , which is compressed between cam 50 and 
hydraulic valve spool 36. Hydraulic cylinder 44, which is capped by plug 
42 and which houses piston 46, is arranged in hydraulic circuit 41 from 
35 spool valve 35 so that piston 46 moves rack 49 back and forth in 
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response to movement of valve spool 36. This occurs whenever 
solenoid coil 31 receives a change in power input to move armature 34, 
which changes an axial position of valve spool 36. Any such movement 
of valve spool 36 allows fluid in circuit 41 to move into or out of 
5 cylinder 44, and this allows piston 46 to move in the indicated 

direction. Such movements of spool 36, piston 46, rack 49,' pinion 47, 
and butterfly valve 20 stops when a feedback force from cam 50 and 
spring 51 counter balance the force of solenoid coil 31 and null spring 
33 to bring the system to a null position. When such a null occurs, 
1 0 valve spool 36 is positioned to block any flow in or out of cylinder 44, 
which consequently holds butterfly valve 20 in a fixed position. Any 
further change in the power supplied to solenoid coil 31 accomplishes a 
similar train of movements leading to another null position holding 
intake control valve 20 in a new position. 

1 5 Figure 5 schematically illustrates the hydraulic flow of the 

servomechanism illustrated in Figures 3 and 4. Hydraulic valve 35 
controls hydraulic flow in circuit 41 from a supply 55 and to a return 
56. The hydraulic flow to and from piston 46 of actuator 45 moves 
rack 49, pinion 47, and feedback cam 50. Feedback spring 51 then 

20 applies the feedback force from cam 50 to hydraulic valve 35. 

There are many ways that the preferred details illustrated in 
Figures 3 and 4 can be changed. More than one butterfly valve can be 
involved in valving intake flow to an engine. For example, two or more 
butterfly valves can be linked together by sharing rotational axis, or by 

25 gearing, so that a position of each valve involved can be fed back via a 
single cam 50. A hydraulic actuator 45 can use mechanisms other 
than the preferred rack 49 and pinion 47. Also, solenoid 30 can be 
arranged to operate a hydraulic valve other than spool valve 35. 
Feedback can also be accomplished by something other than 

30 compression spring 51. The preferred arrangement, however, allows 
proportional solenoid 30, hydraulic valve 35, actuator 45, and butterfly 
valve 20 all to be arranged in a singe housing that includes feedback 
cam 50 and spring 51. This packaging of components facilitates 
compactness and affordability. 
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Another way that the preferred details illustrated in Figures 3 
and 4 can be changed is to modify the way the feedback spring force is 
generated. This alternative preferred possibility is shown in the 
hydraulic schematic circuit of Figure 6 where feedback spring 61 is 

5 compressed between piston 46 of actuator 45 and hydraulic valve 35. 
An axial position of piston 46 reliably corresponds with a position of air 
control valve 20 controlled by pinion 47 and rack 49, so that a 
feedback force via spring 61 can reliably be derived from a position of 
piston 46. Such an arrangement can also help keep the packaging of 

0 the servomechanism compact. The hydraulic passages between valve 
35 and actuator 45 can be conveniently arranged in a housing that also 
includes feedback spring 61 arranged between piston 46 and a spool of 
valve 35. 


